The efficient removal of dissolved organic compounds (DOC) from wastewater has become a major environmental concern because of its high toxicity even at low concentrations. Therefore, a technique was needed to reduce these pollutants. Ion exchange technology (IE) was used with Amberlite TM IR120 Na, Amberlite TM IR96RF, and Amberlite TM IR402, firstly by using anion and mixed bed system, where the following variables are investigated for the process of adsorption: The height of the bed in column (8,10 and 14 cm), different concentrations of (DOC) content at constant flow rate. The use of an ion exchanger unit (continuous system) with three columns (cation, anion, and mixed bed) was studied. The effect of the following variables, such as a change in temperatures (23,30 and 40 C o ) and the change in flow rate (2,4,6 L/min) was studied. The results showed that the adsorption capacity decreased with increasing the flow rate. The linear equation models of (Langmuir, Freundlich, Timken, and Dubinin-Radushkevich) were used. The results were analyzed using three known models for equilibrium and temperature constant. Graphically, the Langmuir model was the most consistent with the adsorption results because it has the highest adsorption capacity and the highest correlation value of R 2 = 0.97. The ion exchange column dynamics were studied using models such as (Thomas model). The results showed that the experimental results were well correlated with the model equations. While the tests showed that the removal rate of pollutants was up to 90% for organic compounds. Keywords: wastewater treatment of a petroleum refinery; ion exchange; removal oil and phenol.
INTRODUCTION
One of the major problems of the petrochemical industry is the great amount of wastewater produced and the high investment needed for the treatment of this effluent before it is released to the environment. Phenolic compounds exist in wastewaters from the olive mill, oil refineries, plastics, leather, paint, pharmaceutical, and steel industries, and it must be removed to satisfy the actual environmental regulations, Metcalf and Eddy, 2003. Different techniques have been applied to remove or eliminate phenolic compounds from wastewater, including chemical oxidation, chemical coagulation, solvent extraction, membrane techniques, and adsorption. Kulkarni and Kaware , 2013. studied the phenol removal from polluted wastewaters by using the resin Purolite A-510 in the chloride form and found that the phenol removal increased sharply with increasing pH. They described the isotherms by either Langmuir or Freundlich models, Langmuir, 1916, and Freundlich, 1906 . Among many water treatment technologies, IE has emerged as one of the most promising technologies for water treatment. The process in which an ion is exchanged from a solution with a similarly charged ion is found on fixed solid particles, called IE resin, occur in a reversible chemical reaction called IE. IE is a more interesting technology from an economic point of view compared with other wastewater treatment processes such as membrane technology. On the other hand, this technology gives high treatment capacity and high removal efficiency. It presents fast kinetics, Metcalf and Eddy, 1991, and Do 1997. IE reaction occurs by replacing ionic impurities in water with releasing ions by an IE resin. The uptake of ions by IE resins is affected to some extent by variables such as pH, temperature, flow rate, ionic charge, the concentration of the initial pollutant and time of contact, Caetano and Valderrama, 2009. Resins must be periodically regenerated to restore their original ionic form. IE technology has been widely used for diverse applications on a commercial scale with successful success. The combination of cation-and anion-exchange resins is useful in water purification. IE resins, which have been used for water treatment, are prepared from synthetic polymers such as styrene-divinylbenzene, whether sulfonated or aminated to target contaminants, Helfferich, 1962, and Anderson, 1997. In this work, a strong-base anion exchanger (Amberlite IRA-420) and mixed bed (strong-base anion and weak base anion) were used to eliminate (phenol and oils) from wastewater.
Langmuir Isotherm Model
In Langmuir isotherm model, the theoretical adsorptive capacity is equal to the adsorption of a solute from a liquid solution as monolayer adsorption on a surface containing a finite number of identical sites. , Vermeulan, et al., 1966 . The general non-linear form of this model is performed by Langmuir,1916: = 1+ (1) ) ,
is the concentration of ion at equilibrium in , is the maximum adsorption capacity in (mg/L), constant of langmuir, related to the adsorption energy (L/mg). For this model, the linear form can be written as followed:
The values of and were computed from the slope and intercept of the Langmuir plot of 1 versus 1 ( Langmuir,1916 ) .
The dimensionless constant called equilibrium parameter can express the essential characteristic of the Langmuir isotherm defined by ,Webber and Chakravarti, 1974.
(3)
The separation factor values indicate the type of the isotherm to be irreversible ( = 0), favorable (0< > 1), linear ( = 1), or unfavorable ( > 1).
Freundlich Adsorption Isotherm
This is commonly used to describe the adsorption properties of the heterogeneous surface Tan 
Where is the Freundlich constant related to the bonding energy. 1/n is the heterogeneity factor and n is a measure of the deviation from linearity of adsorption ,Voudrias and Bozani, 2002, and Guadalupe, et al., 2008. The value of (n) determines the degree of non-linearity between solution concentration and adsorption as follows: when n=1; the adsorption process is linear. < 1; the adsorption process is chemical. > 1, the adsorption is a physical process, Mohan and Karthikeyan, 1997. Conversely, < 1 > 1 indicate a normal Langmuir and cooperative adsorption, respectively Goldberg,
2005.
Eq. (4) can be linearized, to give the logarithmic form and the constants of Freundlich isotherm can be determined from slope and intercept.
The Temkin Isotherm Model
This model contains a factor that takes into account the adsorbent-adsorbate interactions. This Temkin Isotherm model is usually applied in the following form :
Where R is the universal gas constant 8.314 J/(mol. K), T is the absolute temperature in Kelvin. The constant is related to the heat of adsorption. constant of the Temkin isotherm (L/g).
Dubinin-Radushkevich isotherm model
For isothermal analysis was suggested by another equation used for this model, to assess the porosity apparent free energy and adsorption properties, this model is applied , Gunay, 2007, and Dabrowski, 2001 . This isotherm model is not presumed to be a homogeneous surface or constant sorption potential. The linear form of this model is given in , Khaled, et al., 2009 , and Foo and Hameed, 2010.
Where = saturation capacity, theoretical isotherm (mg/g).
= amount of adsorbate ,at equilibrium, in the adsorbent,(mg/g), = constant isotherm of Dubinin-Radushkevich ( 2 ⁄ 2 ) = Polanyi potential, can be calculated from.
The plots slope of versus 2 gives the constant K and the intercept yields to adsorption capacity, , K, used to calculate (E) is the mean free energy of adsorption per molecule of the sorbate, can be computed by the relationship ,Aarfane 
Analytical Methods
All experiments and analyses were carried out in Laboratory of the Chemical Engineering/ University of Baghdad. The samples collected during the experiments were analyzed by several methods. Parameters of wastewater including, pH, temperature, total dissolved solids (TDS) and turbidity were also measured depending on the standard methods to check up water and wastewater. Ultraviolet (UV) absorbance at 270 nm and total organic content (TOC) are commonly used to describe the wastewater samples of (DOC), Table 1 . Effect of the initial concentration of pollutants, contact time, pH, flow rate, temperature, and height of the bed was studied.
IE Experiments (batch and continuous)
The IE batch experiments, for the removal of pollutants (oils, phenols, TDS, COD, BOD, and turbidity) were completed in an ion exchange, fixed bed (anion + mixed bed) operating on a closed loop system, glass column of (internal diameter, 7 cm) of the (length 30 cm). The column was filled with the resin to get the desired heights of the bed (8, 10 and 14 cm) with a stratum of glass wool at the bottom. To remove impurities from the adsorbent (resin), distilled water was passed across the column. Wastewater was pumped at three flow rates (4,6 and 8 mL/min) to the top of the IE column by using a peristaltic pump with various initial concentrations (50-800 mg/L) of dissolved organic matters (oil and phenol). Fig. 8a shows ion exchange bench-scale equipment. In this process, the input volume of wastewater =225 mL, flow rate (2-10)mL/min, and operation time (10-30) min. In both batch and continuous experiments, oil, phenols, COD, BOD, TDS, pH, and turbidity were tested in the outlet current at different contact times throughout the entire experiments. The treated amount have been monitored as a function of contact time by removing 75 ml in batch ion exchange and 1-6 L in continuous ion exchange aliquot of solution for the ions concentration measurements. Also, the performance of IE process has been studied at different values of temperature by tuning values at 296 K, 308 K, and 313 K. For ion exchange experiments (continuous-mode), the amount of wastewater was treated, at different values of inlet flow rates (2, 4, and 6 L/min) for 2h. The samples of the product from (mixed bed) column were taken at uniform time intervals, and concentration of phenols was measured using an UV-visible spectrophotometer at a wavelength of 270 nm. The concentration of oil in wastewater was measured by a simple device TD500-Handheld Oil in water meter. This meter uses an easy solvent extraction procedure with high accuracy.
IE resins conditioning and regeneration
Ion Exchange resins (anion and mixed bed) were initially washed many times with distilled water. After each playback cycle, the anion and mixed bed exchange resins were regenerated by using an aqueous solution of (NaOH, 4% and NaOH 2%). Similarly, the cation exchange resin was fully washed with an aqueous solution(2% HCl). Lastly, the adsorbent (resins) were washed with distilled water to dislodge all surplus of base and acid, respectively, 
3.RESULTS AND DISCUSSION 3.1.Effect of flow rate
The results indicated the percentage of removal oil declined with increased flow rates; this is because of the increase of the hydraulical loading on the resin. The effect of flow rate on oil content by continuous ion exchange was investigated at different produced water flow rates (2, 4, and 6 L/min) and keeping other conditions constant, initial concentration of 255.3 mg/L, the height of bed 80 cm and pH =7.3 at room temperature. The experimental breakthrough curves at various flow rates were presented in Fig. 1 as effluent oil concentration versus time. Fig. 1 , shows that the breakpoint appears earlier, and the breakthrough curve becomes steeper. The reason is that the residence time of the oil molecules inside the bed was reduced, Dabrowski, 2001. 
3.2.Effect of bed height
The effect of the bed height on (DOC) removal was done at a constant feed concentration of (mg/L) and flow rate (4 mL/min). The percentage removal of oil from wastewater at different heights of bed (8,10,14 cm) was investigated for a constant flow rate, is presented in Fig. 2 . When the height of bed increases from (8-14) cm, for (batch mode), the percentage removal of (DOC) reaches 90%, and this parameter was chosen for the studies on the breakthrough curve. Since increasing the height of the bed will supply additional surface area and additional particles of resin, there will be an increase in the capacity of the adsorbent. Also, increasing the height of the bed will supply enough time for (DOC) to adsorbed on resin, (Miyabe and Guiochon,  2000) . Fig. 3 shows the percentage removal of (DOC) in the output current of the continuous process of ion exchange as a contact time function for the three temperatures studied at (23,30 and 40 ℃). The removal percentage decreased with an increase in temperature, due to the adsorption process with an exothermic decrease of the physical forces responsible for sorption. Higher than (23℃) may be due to the deformation of the surface as well as, at higher temperatures destruction of some active polymeric sites on the surface of adsorbent occurs because of bond rupture. Thus, the study found that the optimum working range was at 23 ℃. The influence of temperature on removal of contaminants (oil and phenol) by ion exchange (anion resin and mixed bed exchange resin), the removal mechanism, provides the opportunity to discuss further the different behaviors of oil and phenol in batch and continuous experiments may be due to different removal mechanisms. The removal efficiencies of (DOC), were around 80% -90%, at the optimal temperature (296 K).
Effect of Temperature

Isotherm
Four isotherm equations were tested in the adsorption of (DOC) into resin, namely, Langmuir, Freundlich, Temkin, and Dubunin-Radushkevich isotherms. From linear isotherm graphs for each of the isotherm equations tested, the values of the isotherm constants were determined and are given in Table 2 . The results show that the Langmuir isotherm model fits a good extent with the experimental data, as specified the best correlation for the experimental data with the correlation coefficients, 2 =0.973. Moreover, these results indicate a good property of the Langmuir isotherm with separation factor , <1.00 . The value of indicates the type of the isotherm. The , which shows that adsorption of (DOC) onto the resin is a favoarable process (linear adsorption), and the experimental data accurately fits with the Langmuir isotherm model. and n are constants the Freundlich model, and they are related to the sorption capacity and intensity, and it can be calculated from the slope and intercept of the linear form, by plotting log versus log . The 2 = 0.9587, was found to be lower than the 2 value of Langmuir isotherm. The value of n >1, which highlights the favourability of the adsorption process.
constants of the Temkin isotherm model, are calculated from the slope and intercept of versus Ln . The linear isotherm constants and coefficients of determination are introduced in Table 2 . The value of 2 = 0.785 was obtained for Temkin model, which is lower than the value of the Langmuir value and Freundlich value, Foo and Hameed , 2010 . In the D-R model, the plot of Ln ( ) versus 2 gives adsorption capacity, (mg/g) and the . The constant gives the (E) average free energy of adsorption for each sorbate molecule when it is transferred to solid surface from bulk solution. The value of coefficient of regression D-R isotherm 2 =0.649 is lower than the Langmuir value, Freundlich value, and the Temkin value, in this case, Dubunin-Radushkevich equation represents the poorest fit of experimental data than the other isotherm equations. 
3.5.Breakthrough curves
To determine the volume and capacity saturation was determined by plotting /° versus time (t) at a different initial concentration of (DOC) . The secondary treatment operation used for wastewater ion exchange process (fixed bed), was addressed as a final purification for the removal of organic compounds from wastewater. For this purpose, the influence of the initial (DOC) concentration on the profiles of the breakthrough curves were studied with continuous mode of ion exchange (anion + mixed bed), under constant flow rate (6 L/min), constant height of bed (80 cm), and different initial concentration of phenol.
3.5.1 Effect of the initial concentration of Oil and Phenol on breakthrough curves Fig. 6 shows the influence of initial concentration on the breakthrough curves for oil and phenol adsorption onto the resin (anion and mixed bed) in the ion exchange column (continuous mode).
The results obtained can be explained by the increase in the IE capacity through the fact that a higher influent (DOC) concentration leads to a higher driving force for the transfer process to overcome the mass transfer resistance, XiaoFeng, et al., 2014. Moreover, the highest volume could be treated upon the lowest initial concentration, as a result of the increased diffusion or mass transfer coefficient. A focus on this figure also shows that increasing initial concentration values resulted in an earlier breakthrough curve. In this figure, S-shaped curves can be observed for all three (DOC) concentration investigated.
Evaluation of Thomas Model Parameters
The Thomas From Table 3 , it can be noted that when ° is increased, the value of ° increases significantly, but the value of ℎ decreased. This is due to the difference in adsorption driving force associated to the concentration gradient, XiaoFeng, et al., 2014. By using the Thomas model, it was found that the estimated values of ° to be very close to the values of ° obtained from experimental results with varying ° conditions. Table 2 shows a comparision of the 2 and Square Error (SE) values for different initial concentration of DOC. Fig. 7 shows a photograph of the ion exchange equipment and a flow-sheet scheme for the ion exchange batch process. Fig. 8 shows a photograph of the ion exchange continuous equipment and a flow-sheet scheme for the ion exchange continuous process. 
4.CONCLUSIONS
1-Anion exchangers of open structure and high water content were found to be the best resin type for very efficient removal of any charged aquatic DOC, whether hydrophobic or hydrophilic. The water content and performance of resin is influenced by the degree of cross-linking and the presence of polar groups. 2-The parameters from wastewater as measured by pH, COD, and turbidity were drastically reduced after treatment with anion and mixed bed. Thus, the present study suggests that ion exchange; anion+mixed bed (strong base with weak base) is an attractive low-cost for the removal of phenol and other pollutants from wastewaters. 3-The results showed that the adsorption capacity decreases with increasing flow rate and increasing temperature but increases with increasing height of the bed. The process of adsorption of the oil content was described by the matrix using three well-known equations for equilibrium and constant temperature buildup. The linear equations of these models were used; Langmuir, Freundlich, Timken, and Dubinin-Radushkevich. Langmuir model is the most consistent with the adsorption results of the adsorption process because it has the highest adsorption capacity of 0.6308 mg/g and the highest correlation coefficient of 0.973. 4-The analysis of the ion exchange column kinetics using models such as Thomas model graphically showed that there is a correlation between the experimental results and the model equations. Several tests were conducted on the water resulting from the ion exchange process. The tests showed that the percentage of removal of the oil content was 90% and the removal rate of phenol was 95% and the percentage of the removal of the total soluble salts was 98% and the change of color and watercolor or water free from contaminants. The resulting water can be used for agricultural purposes. Number 10
